An overview of the anatomy and biogenesis of salivary glands is important in order to understand the physiology, functions and disorders associated with saliva. A major disorder of salivary glands is salivary hypofunction and resulting xerostomia, or dry mouth, which affects hundreds of thousands of patients each year who suffer from salivary gland diseases or undergo head and neck cancer treatment. There is currently no curative therapy for these patients. To improve these patients' quality of life, new therapies are being developed based on findings in salivary gland cell and developmental biology. Here we discuss the anatomy and biogenesis of the major human salivary glands and the rodent submandibular gland, which has been used extensively as a research model. We also include a review of recent research on the identification and function of stem cells in salivary glands, and the emerging field of research suggesting that nerves play an instructive role during development and may be essential for adult gland repair and regeneration. Understanding the molecular mechanisms involved in gland biogenesis provides a template for regenerating, repairing or reengineering diseased or damaged adult human salivary glands. We provide an overview of 3 general approaches currently being developed to regenerate damaged salivary tissue, including gene therapy, stem cell-based therapy and tissue engineering. In the future, it may be that a combination of all three will be used to repair, regenerate and reengineer functional salivary glands in patients to increase the secretion of their saliva, the focus of this monograph.
cosa near the second maxillary molar after crossing the masseter muscle and penetrating through the buccinator muscle. Wharton's duct is the main excretory duct of the SMG, which opens into the oral cavity under the tongue by the lingual frenum at a structure called the sublingual caruncula. The SLG has small ducts called ducts of Rivinus and a common duct, Bartholin's duct, which connects with Wharton's duct at the sublingual caruncula ( fig. 1 ).
The major salivary glands are highly vascularized and innervated. The transverse facial artery emerges from the superficial temporal artery to provide blood supply to the PG and traverses along Stensen's duct. The facial artery, a branch of the external carotid artery, brings blood supply to the SMG and passes through the gland capsule before crossing the inferior border of the mandible. The facial nerve (cranial nerve, CN, VII) is closely associated with the PG capsule, which also contains lymph nodes and is continuous with the superficial layer of deep cervical fascia. Facial nerve injury and resulting hemifacial paralysis constitute a significant risk of surgeries for PG tumor resection. The lingual nerve is closely associated with Wharton's duct in the floor of the mouth. Therefore, lingual nerve injury is a possible complication of surgical exploration of the floor of the mouth for removal of salivary stones. The capsule of the SMG is part of the superficial layer of deep cervical fascia. Lymph nodes are not within the capsule of the gland but are adjacent in 
Fig. 1.
Overview of salivary gland anatomy. The three major salivary glands are the PG, SMG and SLG. Stensen's and Wharton's ducts are the main excretory ducts of the PG and SMG, respectively. Blood supply is mainly provided to the PG by the transverse facial artery and to the SMG by the facial artery. Parasympathetic innervation arises from postganglionic nerves from the otic and submandibular ganglia. The otic ganglion is associated closely with the mandibular division of the trigeminal nerve (CNV-III), and the submandibular ganglion is next to the lingual nerve. Sympathetic postganglionic nerves (not shown) arise from the superior cervical ganglion and innervate the glands along blood vessels.
the submandibular triangle, an anatomic region formed by the boundaries of the inferior border of the mandible and anterior and posterior bellies of the digastric muscle [1, 2] .
Saliva has multiple functions that include lubrication of the oral cavity to enable talking, swallowing, eating, tasting, dental health and maintaining oral homeostasis, while also providing protective functions and aiding in digestion. Many of these important functions will be covered in the papers by Lindh et al., van The PG is composed of serous acini and produces watery serous saliva. The SMG and SLG are both mixed glands containing both mucous and serous acini. The SMG has a majority of serous acinar cells with fewer mucous cells, whereas the SLGs are composed of a majority of mucous acinar cells. The major salivary glands in a healthy adult produce over 90% of saliva. In addition, there are minor glands, which are found in the palate and are widely distributed across the oral mucosa [3] . The secretion of saliva is stimulated by both the parasympathetic and sympathetic branches of the autonomic nervous system, and will be covered in the paper by in this monograph.
The anatomy of the autonomic innervation of the major salivary glands is important to understand autonomic effects on not only salivation, but also biogenesis [4] . Briefly, parasympathetic stimulation results in serous, or watery, salivary secretion and ion secretion, whereas sympathetic stimulation increases the secretion of proteins. The cell bodies of the parasympathetic nerves that stimulate the PG are near the gland in the otic ganglion. The PG is innervated by postganglionic fibers that join the auriculotemporal nerve of the cranial nerve (CNV-III) [5, 6] . The cell bodies of the parasympathetic nerves that stimulate the SMG and SLG are located in the submandibular ganglia, which are within the gland. The SMG and SLG are innervated by postganglionic fibers that stimulate saliva secretion and innervate myoepithelial cells [7] . The submandibular ganglia's preganglionic parasympathetic fibers are carried by the chorda tympani of CNVII, which joins the lingual nerve of CNV-III in the infratemporal fossa and then synapses at the submandibular ganglia [5, 8] . Importantly, there are also nerve cell bodies and small ganglia within the stroma of the SMG [9] , although the functional significance of these ganglia is not clear ( fig. 2) . Interestingly, when SMG autotransplantation is used to treat absolute tear deficiency, the transplants show increasing secretory activity with time. The SMG autografts remain functionally viable due to survival of parasympathetic ganglia within the gland and sympathetic reinnervation in transplanted gland tissue [10] .
In contrast to the parasympathetic nerves, the cell bodies of the sympathetic nerves are located in the superior cervical ganglion in the neck, and postganglionic fibers innervate the salivary glands along the blood vessels, which branch from the carotid plexus of the external carotid artery [8] . Sympathetic innervation is important for salivary secretion and influences local inflammation [11, 12] . While it is clear that the autonomic nervous system is essential for adult salivary gland secretion [13] , only more recently has it been shown how parasympathetic innervation is critical for the biogenesis of mouse salivary glands [14] . The interactions between the epithelium and nerves studied in mouse salivary glands may have implications for the regeneration of human salivary glands [13] [14] [15] [16] .
A description of salivary gland innervation also requires mention of the neurotransmitters that are involved in neuronal function. The neurotransmitter acetylcholine signals at the synapse of pre-and post-ganglionic parasympathetic and pre ganglionic sympathetic nerves and activates muscarinic receptors in the salivary glands via postganglionic parasympathetic fibers. Noradrenaline from postganglionic sympathetic fibers activates adrenergic receptors. Other neurotransmitters have roles in salivary gland function, such as vasoactive intestinal peptide, encephalin, substance P, neuropeptide Y, neurokinin A, pituitary adenylate cyclase-activating peptide, neuronal nitric oxide synthase and calcitonin gene-related peptide [17, 18] , but it is not known if they affect gland biogenesis.
Salivary Gland Biogenesis
The biogenesis of human salivary glands has been described from histological reports and was recently reviewed [19] . Briefly, the development of the major salivary glands in humans begins at around 6-8 weeks of gestation. The placodes of the major glands start as thickenings of the oral ectoderm. Salivary gland biogenesis is characterized by branching morphogenesis of epithelium, which is closely associated with the developing vasculature and nerves to form a branched glandular structure of ducts with terminal buds that become acini by around 14 weeks. The neural crest-derived mesenchyme provides growth factors and other important molecular cues for epithelial branching morphogenesis. By 13-16 weeks in humans, the SMG appears well differentiated, with desmosome and microvillus projections from cells adjacent to the lumens. The basal lamina surrounds the epithelium, with a few elongated cells that appear similar to myoepithelial cells. The striated and intercalated ducts can be recognized as early as 16 weeks, with the acinar cells beginning to predominate the tissue by 20-24 weeks. In humans, the salivary glands continue to develop up to 28 weeks, at which stage secretory products can be seen in acini. At birth the glands are functional to secrete saliva [19] .
In humans there are genetic diseases affecting salivary glands that inform us about salivary gland biogenesis. Similar gene mutations have been generated in mice to learn more about the genetic and cellular mechanisms of gland development. For example, patients with hypohidrotic ectodermal dysplasia present clinically with defects in the teeth, hair, sweat glands and salivary glands. Hypohidrotic ectodermal dysplasia is caused by mutations in ectodysplasin-A, its receptor EDAR or EDARRAD, an intracellular signaling molecule [20] . These genes make proteins that function together during gland development and are critical for signaling between the salivary epithelium and mesenchyme. Importantly, genetic manipulation of the mouse genome enables the development of models to study the molecular mechanisms of hypohidrotic ectodermal dysplasia. Mice lacking EDAR have SMG aplasia or hypoplasia, which is caused by reduced SMG epithelial cell proliferation, lumen formation and histodifferentiation [21, 22] . Other examples of genetic mutations in humans that cause problems with salivary biogenesis include patients with mutations in genes that affect fibroblast growth factor (FGF) signaling. Patients with a mutation or deletion of FGF10 have a syndrome called aplasia of lacrimal and salivary glands (OMIM180920). This syndrome results in salivary gland aplasia or hypoplasia, and the oral symptoms which present in childhood in-clude xerostomia, with increased dental erosion, caries, periodontal disease and oral infections [23] . A similar condition occurs in lacrimoauriculodentodigital (OMIM 149730) syndrome, which occurs due to mutations in FGF receptors and/or FGF10. This syndrome presents as aplasia and/or hypoplasia of the salivary and lacrimal glands, and also abnormalities of the ears, eyes, face, mouth, teeth, digits and genitourinary system. Again, mice with similar genetic mutations have similar defects in salivary gland biogenesis and have been used to study how FGF signaling affects gland biogenesis [24, 25] .
In addition to mouse genetic studies, ex vivo culture of embryonic mouse SMGs is an important tool to investigate how cell and extracellular matrix (ECM) interactions coordinate salivary gland formation and function. The reader is directed to a number of detailed reviews on gland development [16, 21, 26] . Similar to human SMGs, the mouse SMG begins with the formation of a placode in the oral epithelium at embryonic day 11.5 (E11.5), which enlarges and invaginates into the surrounding mesenchyme alongside nerves and blood vessels ( fig. 3) . The signals that spatiotemporally regulate placode initiation in mouse salivary glands are not known. However, studies in Drosophila suggest that global patterning genes, such as scr, select the initiating site location [27, 28] . By E12, a primary end bud distal to the primary duct is formed, and branching morphogenesis begins on E13 with repeating rounds of proliferation and clefting of the end buds and formation of secondary ducts. The repetitive branching continues with duct lumen formation occurring, and by E16, the end bud cells start to polarize and acinar differentiation begins. The SMG is competent to secrete saliva at birth [16, 21, 26] . Salivary gland stem cells play an important role in the SMG biogenesis. A stem cell is defined as a cell capable of unlimited self-renewal and differentiation into all cell types of an adult gland. Stem cells differentiate along a lineage into more committed progenitor cells that lose their self-renewing ability and eventually become terminally differentiated. They have a high potential for proliferation and give rise to different cell types of a specific lineage. The difference between stem and progenitor cells in the SMG is currently not well defined, so here we use the term stem/progenitor cells. During mitosis, stem/progenitor cells divide to produce either 2 undifferentiated daughter clones, 2 more committed cells, or 1 undifferentiated clone and 1 more committed cell. Maintenance refers to cell division that gives rise to at least 1 daughter stem/progenitor cell so that the number of stem/progenitor cells is maintained with successive generations. During salivary gland biogenesis, stem/progenitor epithelial cell fates are defined and modulated by communication with the surrounding microenvironment or niche, which includes mesenchyme, blood vessels and nerves. Stem/progenitor cells respond to signaling factors, direct cell-cell contact, and by binding to niche-derived ECM.
The mesenchymal niche is instructive for the epithelial stem/progenitor cells during branching morphogenesis. Classic developmental biology experiments used ex vivo embryonic tissue recombination to show how tissue-specific mesenchyme provides instructive cues to guide the patterning and morphogenic potential of epithelial progenitor cells [29, 30] . Multiple molecules, including components of the ECM, cell adhesion receptors, proteases and growth factors, mediate these instructive interactions. For example, epithelia from lung, mammary, and pituitary gland develop into structures mimicking salivary glands when recombined with E13 salivary mesenchyme [31] [32] [33] [34] . The converse is not true for SMG embryonic epithelia, whose growth was only induced by urogenital or SMG mesenchyme.
The role of the endothelial niche, i.e. blood vessels, in salivary gland biogenesis remains to be investigated, but is likely important, considering the essential endothelial-epithelial interactions in the organogenesis of the liver and pancreas [35, 36] . Interstitial and immune cells, such as macrophages, may also have a role in gland biogenesis as has been shown for mammary gland development [37] .
A major research goal is to identify and characterize the epithelial salivary gland stem/progenitor cells. Their location in adult glands is often described in relation to the main epithelial compartments of the gland: the ductal, acinar or myoepithelial cells. Stem/progenitor cells were initially identified as label-retaining cells because they were slowly dividing cells in the gland. In these experiments cells were pulse labeled with reagents that bind to DNA, and after months of continued growth only slowly dividing cells in the gland retained the DNA label. Initial studies showed that the label-retaining cells reside in the intercalated ducts and played a role in the regeneration of the gland after injury [38, 39] . Many studies have identified markers that can be used to isolate or label stem/ progenitor cell populations from adult mouse glands, including CD49f (α 6 -integrin), the tyrosine kinase receptor Kit, the transcription factor Ascl3, and the intracellular cytokeratin 5 (K5) [16, [40] [41] [42] . Further study of the Kit-expressing cells also showed that this cell population is located in the ducts of the adult SMG [43] . In addition, stem/progenitor cells of the ducts that were activated in response to injury were shown to express markers Sca1 and Kit [44, 45] , α 6 β 1 -integrin [46] or CD49f (α 6 -integrin) and Thy1 [47, 48] . Furthermore, Ascl3, a transcription factor, also marks a stem/progenitor population that is localized in the salivary ducts [49] . Interestingly, other stem/progenitor cells compensate for the genetic ablation of the Ascl3-expressing stem cell population in the SMG. One interpretation of this data is that multiple progenitor populations exist during biogenesis that can compensate for the absence of each other, although further work is required to support this hypothesis.
The cytokeratins have been used extensively to study stem/progenitor cells in many epithelial organs. Basal cells expressing K5 and K14 (K5+K14+) label a population of stem/progenitor cells across different tissues, such as prostate, mammary gland and skin [50] . However in the salivary gland it appears these cytokeratins may label distinct progenitor cell populations. K5+ cells, which are mainly in the ductal structures, were shown to be a progenitor population in SMGs by genetic lineage tracing [14] . However, a significant finding was that the neuronal niche, i.e. the submandibular parasympathetic ganglion, which is present during SMG biogenesis, plays a critical role in the maintenance of these K5+ progenitors. Parasympathetic innervation and signaling via muscarinic receptors in the salivary epithelium, in combination with epithelial growth factor receptor signaling, maintained the K5+ cells during development and was critical for salivary gland biogenesis. More recently, a separate population of K14+ cells was shown to contain multipotent progenitors in SMGs [51] . The K14+ progenitors increase in cell number in response to Fgfr2b and Kit signaling and are located in the salivary gland end buds during biogenesis. Furthermore, epithelial Kit+ cells in the end buds produce neurotrophic factors, such as neurturin (Nrtn), which promote parasympathetic nerve survival and axon extension [15] . These parasympathetic nerves produce acetylcholine and further signal to the K5+ cells in the duct to continue to grow and differentiate. In sum, the different epithelial cells and their niches coordinate branching morphogenesis and gland biogenesis [14, 15] . These data have significant therapeutic implications in terms of repairing or regenerating adult salivary tissue.
Regeneration of Salivary Glands
The goal of regenerative medicine is to restore gland function in patients who suffer from irreversible loss of salivary gland function following resection of salivary tumors and therapeutic radiation of head and neck cancers. Additionally, patients suffer from gland hypofunction in diseases affecting salivary glands, such as Sjögren's syndrome, which is an autoimmune disease that results in inflammatory-mediated damage [52, 53] . A major research focus has been to regenerate salivary glands after radiation damage, because head and neck carcinoma is the sixth most common cancer in the world and affects tens of thousands of new patients every year. With irradiation being a primary treatment option, and the salivary glands often lying in the field of radiation, the subsequent salivary gland damage and xerostomia, or dry mouth, are significant causes of morbidity in these patients [54] . Modern advances in radiation therapy, such as intensity-modulated radiotherapy, allow for organ-sparing techniques; however, there are insufficient randomized clinical trials on intensity-modulated radiotherapy and no data to show that intensity-modulated radiotherapy reduces SMG radiation dosage [55] . Current treatment options for radiation-induced xerostomia include the use of saliva substitutes or parasympathetic agonists, such as pilocarpine, to stimulate salivary flow. However, there are problems with side effects of systemic parasympathomimetics, and along with their variable efficacy, this means more permanent treatment options are required. Clinical trials in patients treated with radiation therapy studied the effect of amifostine, an oxygen free radical scavenger, on postirradiation salivary gland damage. They showed a reduction in late xerostomia in patients on amifostine [56] . Also, in studies in rats, preirradiation stimulation of muscarinic acetylcholine receptors reduced parotid gland damage [57] .
The study of mouse salivary glands provides mechanistic insight for developing new therapies for human salivary gland hypofunction. Salivary gland regeneration has the potential to permanently restore salivary gland secretory function in patients with hyposalivation to improve their oral health and quality of life. The three main approaches that have been proposed are (1) gene therapy, by using viral vectors, (2) stem/progenitor cell-based therapy and (3) replacement with a bioengineered gland ( fig. 4) [58] . In the following sections we will review these regenerative approaches.
Recently, pioneering gene therapy trials were completed in patients suffering from radiationinduced salivary hypofunction. The technique used the retroductal injection of an adenovirus Fig. 4 . Overview of three approaches for salivary gland repair or regeneration: stem/progenitor cell therapy, gene therapy and gland bioengineering. IR = Irradiation. For stem/progenitor cell therapy, a preoperative PET/CT scan, adapted from Nahmias et al. [77] , shows the region of the unaffected SMG (arrow) used for a biopsy and the affected submandibular lymph nodes are yellow. Human salispheres are cultured from the biopsy; scale bar = 100 μm. Autologous transplantation of the spheres into the affected salivary gland occurs after therapy. Gland bioengineering involves combining biomaterials with cells to grow an artificial gland, which can be transplanted into a patient. Gene therapy uses viral vectors to transduce genes that repair or improve the secretory function of the gland.
that expressed a water channel (AQP1) to transduce the remaining ductal epithelium to secrete fluid. This trial was the culmination of many years of preclinical studies of gene transfer using rodents, minipigs and primates to develop the technique before translation to human clinical trials [59] [60] [61] [62] . Aquaporins are water channels important for transcellular water transport in salivary glands, and human AQP1 gene transfer was shown to be efficacious in nonhuman in vivo models [61] . Recent results from the phase I clinical trial showed no deaths, serious adverse events or dose-limiting toxicities. Objective and subjective restoration of salivary gland function was reported in some of the patients who received the AdhAQP1 vector [60] . Future studies to improve viral vectors and optimize the vector dose may improve the clinical outcome. However, the effect of irradiation on the microenvironment or niche, including the extracellular matrix, endothelial, neuronal and stromal cells, is not fully understood. Complete functional regeneration requires restoration of all tissue types, which may not occur by gene therapy alone.
Cell-based therapies could ideally use a patient's own cells to regenerate tissues in organ systems. A common example in patients today is bone marrow allotransplants to replace and regenerate the hematopoietic system in patients with diseases such as aplastic anemia or leukemia. This technique was also used by the Coppes group to treat salivary gland hypofunction in mice [63] . They used bone marrow stem cells to regenerate irradiated mouse SMGs and showed an increase in salivary secretion after mobilization of bone marrow stem cells in the irradiated tissue. The transplanted cells were not found to be part of the epithelial compartment of the gland, but potentially secreted a paracrine acting factor that stimulated regeneration of the epithelia [63] . Consequently, others have taken this approach by showing that a potential proregenerative paracrine acting factor can be derived from bone marrow cells. They demonstrated this paracrine effect by using a bone marrow stem cell supernatant or 'bone marrow soup', which was as effective as whole live bone marrow cells for repairing irradiated salivary glands [64] . They showed that the bone marrow-derived factors not only restored secretory function, but also protected cells, increased vascularity, and upregulated genes important for regeneration, e.g. genes for BMP7, EGF, NGF, MMP2, and cyclin D 1 . These data lead to the logical suggestion that paracrine factors may be able to repair or stimulate the irradiated niche to stimulate surviving salivary gland stem/ progenitor cells to regenerate functional salivary tissue.
A major advance in the field came from the Coppes laboratory which showed that the transplantation of adult mouse Kit+ cells resulted in functional regeneration of the salivary gland epithelium, which demonstrated that cell therapy in irradiated SMGs was a viable approach for regeneration [65, 66] . They have also shown that human salivary glands have cells with the same regenerative capacity, expressing Kit and capable of in vitro differentiation and self-renewal [67] . Autologous transplantation would involve a biopsy from a patient's own salivary gland before irradiation therapy, being used to culture, expand and maintain the stem/progenitor cells, which would be transplanted into the salivary gland stroma after radiation treatment. This model is the basis for ongoing studies to better understand adult salivary gland stem/progenitor cell populations and the signaling pathways important for maintaining their cell fate and expanding their number in culture.
It was previously shown that autonomic innervation of the salivary gland is required for salivary gland repair after atrophy [13] . In line with this reasoning, the role of parasympathetic innervation maintaining K5 progenitor cells during SMG biogenesis [14] leads one to ask what factors support the nerves during development, and whether these factors could be used to repair and support the function of nerves after irradiation damage. Nrtn is a neurotrophic factor expressed by salivary epithelium that binds to its receptor, GFR-α 2 , on parasympathetic nerves to signal via RET, a tyrosine kinase coreceptor, and Src kinase [15] . Nrtn was shown to reduce neuronal apoptosis after irradiation, restore parasympathetic function and improve epithelial regeneration in a mouse ex vivo model [15] . Furthermore, adult human salivary glands damaged by irradiation were analyzed and shown to have reduced parasympathetic innervation. Therefore, it is possible that neurotrophic factors such as Nrtn will protect the parasympathetic nerves from irradiation damage and subsequently improve epithelial regeneration.
The concept of providing factors to protect or support the neuronal niche would also suggest that further investigations of sympathetic signaling and the role of Schwann cells are warranted to guide regeneration. Sympathetic nerve function was retained after irradiation in rats, suggesting irradiation affected the acinar response to stimulation, but not the sympathetic nerves themselves [68] . The difference in how irradiation affects sympathetic and parasympathetic nerves is not well understood, and in fact it may be the balance between the two that is important. Furthermore, Schwann cells have been shown to play critical roles in nerve development and survival [69] and may be important to protect nerves from irradiation damage. Understanding how nerves are affected by irradiation and how they might instruct or direct stem/progenitor cells to regenerate gland architecture will be important for cellbased or gland engineering approaches to regeneration.
The tissue engineering field aims to use biomaterials and cells to replace missing or damaged tissues. The field has evolved to understand the important role of the ECM environment for proper tissue regeneration. The ECM provides cues for cell function, stem cell self-renewal and differentiation, and dynamic remodeling necessary for engineering of complex tissues [70] .
Models to engineer functional salivary gland tissue for autotransplantation and functional regeneration have been proposed. Engineering of an 'artificial' salivary gland may involve the use of synthetic or ECM-derived 3-dimensional scaffolds onto which cells are seeded to form a polarized secretory epithelium [71, 72] . Three-dimensional synthetic and ECM-based scaffolds can be used to culture and differentiate tissue-specific progenitor cell populations into composite glandular structures, with acinar, ductal, nerve and vascular components.
ECM components, such as laminin and glycosaminoglycans, attached to nanofiber scaffolds are important for regulating salivary gland epithelial cell proliferation and polarity [73] . ECMbased biomaterials are important for facilitating and regulating repair and regeneration of salivary glands by promoting membrane polarization. Cultured acinar cell populations formed lobular structures mimicking intact glands with functional activity, marked by α-amylase and Aqp5 expression when cultured on Matrigel or a 3-dimensional hydrogel containing a perlecan-derived bioactive peptide [74] . Furthermore, these cultures form 3-dimensional spheroids in hyaluronic acid-based hydrogels after long-term culture and respond to neurotransmitters for salivary protein secretion [75] . The surface architecture of a scaffold also influences cell differentiation. By fabricating a surface micropatterned with 'craters' lined with nanofibers of polylactic-coglycolic acid that mimicked the basement membrane of salivary acini, it was demonstrated that increased crater curvature promoted differentiation of salivary gland cells [76] .
Translating these bioengineering approaches to human clinical trials is the next goal. Following in the footsteps of the pioneering work to translate gene therapy to the clinic, cell-based and/or tissue engineering approaches will require validation in nonhuman models to demonstrate their safety and efficacy. The clinical success of salivary gland regeneration may also require support of the stroma, nerves, vasculature and immune system. Engineering and clinical/translational investigations must be informed by the advancing knowledge in stem cell biology and salivary gland development, requiring a multidisciplinary approach with biologists, engineers and clinicians. Salivary gland biology provides a unique system to study biogenesis and regeneration, which will hopefully one day restore salivary gland function in patients who suffer from xerostomia.
